Introduction
Under the provisions of the Wilderness Act (Public Law 88-577, September 3, 1964) and subsequent related legislation, the U.S. Geological Survey (USGS) and the U.S. Bureau of Mines (USBM) have been conducting mineral surveys of wilderness and primitive areas, and other public lands being considered for wilderness designation. This report presents the audio-magnetotelluric (AMT) sounding data and telluric traverse (TT) data obtained in and near the Farlin Creek, Montana (MT-076-034) BLM wilderness study area. The data are presented with little interpretation to effect timely release of the data.
The Audio-magnetotelluric Method Magnetotellurics (MT) is an electromagnetic sounding method in which variations in earth resistivity as a function of depth are measured (Keller and Frischknecht, 1966) . These soundings are obtained by measuring the earth's surface electromagnetic fields at different frequencies. Because lower frequencies penetrate further into the earth before they are absorbed relative to higher frequencies, measurement of the electromagnetic fields over a broad frequency range gives information on resistivity variations with depth. If these measurements are made in the audio-frequency range then the technique is called audio-magnetotellurics (AMT). This method is discussed in detail by Strangway and others (1973) and application and details of the USGS AMT system are given by Hoover and others (1976, 1978) and Hoover and Long (1976) .
The depth of exploration of AMT methods is not only a function of frequency, but also of the resistivity of the volume of earth sampled. For a homogeneous earth the maximum depth of exploration can be approximated by a relationship given by Bostick (1977) : D = 355/p/f meters where p is the half-space resistivity in ohm-m, and f is the frequency.
As in any sounding technique, it should be remembered that the earth is being sampled laterally as well as vertically below the measuring station. Thus, in areas of complex geology, simple one-dimensional model interpretations give, at best, only a crude average approximation of the vertical distribution of resistivity beneath the sounding site.
Signal sources of AMT may be either artificial or natural. The USGS equipment used in this survey has been designed for use with natural sources. The principal source of natural electromagnetic energy in the audiofrequencies is electrical discharge during lightning storms. Typically, signal strength is low except when generated by local storms, and data quality may be poor, especially in parts of the frequency spectrum where energy is more strongly attenuated (approximately 1 to 4 KHz). The limitations of natural source AMT exploration are discussed more fully by Hoover and others (1978) .
The AMT soundings presented here used 25 m telluric dipoles except for soundings 63 and 69 which were made on the two telluric lines, and used the 250 m dipoles deployed on the line. The AMT and telluric systems used in this study are of USGS manufacture.
The Telluric Traverse Method
The telluric traverse (TT) method employs natural earth currents (telluric currents) at various frequencies to measure, indirectly, changes in earth resistivity along a traverse. It was used as early as 1921 (Leonardon, 1928) by C. Schlumberger, but until recently has been little used in the United States. Beyer (1977) discusses the method in some detail and presents a series of model results computed for two-dimensional structures. He concludes that the method is well suited for rapid reconnaissance of regions several hundred square-kilometers in area searching for targets such as hydrothermal systems. The method should be applicable as well to fossil hydrothermal systems, and related mineral deposits, because rock alteration will remain long after the hydrothermal convection cells have ceased.
In applying the technique a receiving array of three electrodes spaced equidistant and in-line is used. This array is, in effect, two colinear dipoles sharing a common electrode. The difference of electric potential across each dipole generated by telluric currents is then proportional to the component of the telluric electric field in the direction of the array. This configuration permits the measurement of the ratio of the telluric field at each dipole in the direction of the dipole line. The traverse data is extended by moving the three-electrode array forward one dipole length so that the forward electrode becomes the center electrode for the next ratio measurement. This process is repeated for as long as desired.
Telluric measurements are made in a narrow frequency band typically using micropulsations near 30 second periods (0.033 Hz), but may be made over a wide range of frequencies. Low frequency electromagnetic signals penetrate to greater depths than high frequencies, thus, a survey may be designed, within limits, to maximize the telluric response for each geologic environment. The relationship for maximum exploration depth is the same as for AMT work. Frequencies selected for this telluric work were 4.5, 7.5, 16.7 and 25 Hz. With resistivities generally over 1000 ohm-m in the survey area the maximum depth of exploration was in the range of 2-5 km.
Dipoles of 250 m were used on all traverses, one tenth or less of the maximum exploration depth. Short spacial wavelength anomalies seen on the traverse data imply shallow electrical features, or features whose top is nearer to the surface, exactly analogous to other potential field data. The close correlation seen between the curves at each frequency is typical of telluric data measured over a short frequency span and results from the measurements averaging the earth resistivity from the surface to the maximum depth of exploration. For electromagnetic fields in a non-layered earth the electric field at a point varies with the direction of measurement as does the resistivity. They are tensor quantities. The horizontal electric field variations rather than the magnetic field, in general, reflect the variations in earth resistivity. For two-dimensional structures it can be shown (Beyer, 1977) that the electric field measured normal to strike (the transverse magnetic TM mode) is proportional to the square root of the TM mode resistivity variation measured with the electric field normal to strike and the magnetic field parallel to strike. Because of this, telluric traverses are typically run normal to the expected regional trends in a survey area. The traverses are made in a straight line because of the tensor nature of the electric field.
Telluric traverse data are presented as curves of relative telluric voltage. A value of unity is arbitrarily assigned to one dipole on the traverse and, the value of all other dipoles are computed relative to it for each frequency. Without other information curves at different frequencies cannot be referenced to one another in an absolute sense. The curves presented in this report have been nested with an arbitrary shift between the initial values. The relative voltage is plotted on a logarithmic scale.
AMT and Telluric Data Figure 1 shows the location of 12 AMT soundings and two telluric traverses made in the vicinity of the Farlin Creek Wilderness Study Area. All AMT sounding curves are shown in appendix 1 and tabulated values for the AMT soundings are given in appendix 2. Figure 2 shows the telluric data obtained on line 1 and figure 3 shows the results of TT line 2. Tabulated telluric data is given in appendix 3. Plots of AMT sounding data. Each plot shows apparent resistivity versus frequency for the two scalar soundings at each location. The 0 (NS) is for a north-south orientation of the telluric dipole and an X is for an east-west orientation. Note that frequency decreases to the right side of the figure corresponding to increasing depth.
Soundings 63 and 69 were made on the telluric line using 250 meter dipoles. Tabulated AMT data. At each station two independent scalar soundings are presented. The computer printout lists the orientation of the telluric line for each sounding (NS or EW). The tabulation gives the station number, orientation, and number of frequencies observed; followed by a table showing the frequency, apparent resistivity, number of individual events used to calculate the apparent resistivity, and the standard error for each frequency. .02
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